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Background: The aim of the study was to propose a classification of alveolar 
morphotype and assess a relationship between extraction/non-extraction ortho-
dontic treatment and changes to the alveolar process.
Materials and methods: Seventy-five subjects (mean age = 23.2, SD = 5.1) were 
selected. Areas of the sections of the alveolar process (ASAP) at three different 
levels (0, 2, and 4 mm) were measured on pre- and post-treatment three-dimen-
sional digital models. Method reliability was analysed using Dahlberg’s formula, 
intraclass correlation coefficient, and paired t-tests.
Results: The mean ASAP was smallest at level 0 and largest at level 4. Pre-treatment 
ASAP < 773 mm2, < 863.9 mm2, and < 881.1 mm2 at levels 0, 2, and 4 mm, 
respectively, should be described as a “thin” alveolar morphotype. Regression 
models showed that pre-treatment ASAP was a predictor of the change of the 
alveolus during treatment only at level 2.
Conclusions: Patients for whom pre-treatment ASAP is < 773 mm2, < 863.9 mm2, 
and < 881.1 mm2 at levels 0, 2, and 4 mm, respectively, should be described 
as having a “thin” alveolar morphotype. In these patients, extraction treatment, 
associated with a decrease in the alveolus area, should be exercised with caution. 
(Folia Morphol 2018; 77, 3: 536–542)
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IntrodUctIon
Initial orthodontic/orthognathic documentation 
includes intraoral and extraoral photographs, radio-
graphic images, and plaster models of the denti-
tion. Until recently, the documentation was mainly 
“analog.” Proper storage and retrieval of information 
from the documentation in such a format is economi-
cally and spatially challenging. Digital technology is 
currently becoming an integral part of orthodontic/ 
/orthognathic diagnosis and treatment. The pho-
tographs and radiographs are often used in digital 
form, and plaster models are being quickly replaced 
by digital ones. In addition, three-dimensional (3D) 
radiography is indispensable in many patients. The 
digital revolution in orthodontics opens up new 
possibilities, particularly during treatment planning 
and quality control. For example, preparation of 
a diagnostic set-up, often a deciding factor during 
treatment plan selection, is quick and relatively easy 
when virtual models of dentition are used. The value 
of digital 3D documentation in neuro/craniofacial 
problems has been widely accepted [7, 10, 11, 23]. 
Another advantage of digital documentation is the 
facilitation of scientific research [6, 13, 14].
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A recent population-based “Study of Health in 
Pomerania” [16] demonstrated that craniofacial 
morphology, specifically the cranial width and facial 
index, was a risk factor for periodontal problems — 
gingival recession (GR) and clinical attachment loss 
(CAL). An 11-year follow-up of the sample comprising 
556 healthy subjects from Pomerania, Germany, at 
a mean age of about 56 years at final observation, 
showed that the higher the facial index (i.e. ratio of 
facial height to facial width), the more pronounced 
were GR and CAL. In other words, subjects with the 
long narrow faces had about 0.3 mm more GR and 
0.5 mm more CAL compared to subjects with broad 
square faces.
The facial type is associated with morphology 
of the alveolus — subjects with long faces have 
a slender alveolus and thinner cortical bone compared 
to those with short faces who have a thick alveolar 
process with a dense cortical bone. Differences also 
concern facial growth — in a short facial type the 
maxilla grows more horizontally, whereas in a long 
facial type — vertical growth prevails over horizontal 
[1, 15, 18].
The shape of the alveolus influences the range of 
possible teeth movements during orthodontic treat-
ment because the cortical bone in the alveolar pro-
cess creates a boundary beyond which teeth should 
not be moved. If the roots are forced outside of the 
cortical bone, bone dehiscence can develop [2]. The 
dehiscence can, in turn, lead directly to GR, especially 
when accompanied by the inflammatory process [21]. 
Measurement of the shape of the alveolus prior to 
treatment could help prevent the development of 
GR. Theoretically, tooth movement in subjects with 
a “thin” alveolar process should be less in comparison 
to those with a thick alveolus. Digital models made 
before treatment seem suitable for assessing alveolar 
morphology — they are relatively easy to obtain and, 
in contrast to radiographs, do not involve the patient 
being exposed to ionising radiation. Surface and volu-
metric analysis of models is also possible with numer-
ous software packages. However, no clear description 
of what should be regarded as “thin” and “thick” 
alveoli, based on digital model measurements, exists 
in the current literature. Furthermore, it is important 
to establish how extraction in orthodontic treatment 
affects the morphology of the alveolus in compari-
son to non-extraction. Therefore, this study aims to: 
(a) propose a classification for the morphology of 
the alveolar process (alveolar morphotype), and (b) 
to assess the relationship between orthodontic treat-
ment alternatives (extraction vs. non-extraction) and 
changes in the alveolus during treatment.
MaterIals and Methods
The patient archives at the Department of Ortho-
dontics and Cleft Anomalies, 3rd Medical Faculty, 
Charles University, University Hospital “Královské Vi-
nohrady”, Prague, Czech Republic, were searched 
to identify subjects fulfilling the following inclusion 
criteria:
1. No systemic disease or congenital malformations;
2. Angle Class II malocclusion with normal (Class I) 
skeletal morphology before orthodontic treatment;
3. Flat (< 1.5 mm deep) curve of Spee;
4. Permanent dentition in fully established occlusion;
5. No periodontal problems;
6. Orthodontic treatment with fixed appliances car-
ried out after pubertal growth spurt;
7. Undamaged, good quality plaster models made 
before and after orthodontic treatment.
Seventy-five subjects (20 males, 55 females) were 
selected with a mean age of 23.2 (SD = 5.1, ranging 
from 17.6 to 40.2) before orthodontic treatment 
(T1). Non-extraction treatment was performed in 
39 subjects (15 subjects had protrusion of maxillary 
central incisors, i.e. were diagnosed with Angle Class II 
Division 1 malocclusion, and 24 subjects showed 
retrusion of maxillary central incisors, i.e. were diag-
nosed with Angle Class II Division 2 malocclusion). 
Extraction treatment (removal of maxillary first pre-
molars) was carried out on 36 subjects (20 subjects 
had protrusion of maxillary central incisors, i.e. were 
diagnosed with Angle Class II Division 1 malocclusion; 
16 subjects had retrusion of maxillary central incisors, 
i.e. were diagnosed with Angle Class II Division 2 
malocclusion). Orthodontic treatment lasted for 
1.7 ± 0.3 years (ranging from 1.1 to 2.4). Post-treat-
ment (T2) documentation was carried out at a mean 
age of 24.9 ± 5.0 (ranging from 19.1 to 41.4).
One hundred and fifty plaster models (75 made 
at T1 and 75 at T2) were scanned with a D700 table 
top surface scanner (3Shape, Copenhagen, Denmark). 
The digital images were saved in open data format 
(*STL) and analysed using the 3Shape Ortho Analyser 
programme (3Shape, Copenhagen, Denmark).
The sagittal and occlusal planes were identified 
on the T1 and T2 digital models to orient the model 
in a 3D environment. Additionally, a virtual model 
base was formed before further analysis. The pre-
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treatment (T1) reference level for horizontal slices was 
a plane determined by a point in the middle of the 
line connecting the deepest points on the cementoe-
namel junction of the central incisors (Fig. 1A), and 
the deepest points on the cementoenamel junction of 
the first molars bilaterally (Fig. 1B) (hereafter referred 
to as tooth cervical level 0) [12]. The two additional 
virtual slices were made parallel to this plane but at 
a distance of 2 mm (cervical level 2) and 4 mm (cervi-
cal level 4) apically from cervical level 0.
Scans of the models made before and after treat-
ment were superimposed (Fig. 1C) with the help of 
individually determined orientation points. Rugae 
palatinae and palate relief were used as superimpo-
sition sites as they had been previously shown to be 
suitable for this purpose [3]. The areas defined by 
lines contouring the vestibular and palatal sides of 
the horizontal slices through the alveolar process at 
levels 0, 2, and 4 mm before treatment (Fig. 1D) and 
after treatment (Fig. 1E) were measured on the scans 
of the superimposed models. The distal border for 
measuring the area of the alveolar process on a given 
slice was a straight line connecting the midpoints on 
the buccal side of the occlusal surface of the right 
and left first molars identified on the T1 model. After 
superimposition, the original (T1) distal border refer-
ence line was transferred to the post-treatment (T2) 
digital model. Therefore, the movement of the first 
permanent molars during treatment did not influ-
ence the measurement area of the alveolar process 
(Fig. 1D, E). All models were scanned and measured 
by one investigator (first author). All measurements 
were performed with 1/100 mm precision.
Reliability of the method and statistical analysis
Twenty randomly selected models were once 
re-scanned, once re-superimposed, and then once 
remeasured by the same investigator (first author) 
after > 2 weeks. Measurement error was analysed 
using Dahlberg’s formula and intraclass correlation 
coefficient (ICC). The occurrence of bias (systematic 
error) was assessed using paired t-tests.
Independent t-tests were used to compare the sec-
tion areas at cervical levels 0, 2, and 4 mm between 
subjects from extraction and non-extraction groups, 
while paired t-tests were used to assess changes 
from T1 to T2 in groups. Correlational analysis and 
regression models were used to assess the relation-
ship between the section areas at cervical levels 0, 2, 
and 4 mm and changes during treatment (from T1 
to T2). All tests were interpreted at the 0.05 level of 
significance. The Excel 2013 (Microsoft, Redmond, 
WA, USA), SPSS (Statistical Package for the Social 
Sciences), Statistics 23 (IBM, Armonk, NY, USA), and 
MedCalc software (Mariakerke, Belgium) were used 
for statistical analysis.
Figure 1. Definition of reference plane, three-dimensional superimposition of the images, delimitation of the measured area. A. Determining 
the reference level for transversal slices in the deepest point on the cementoenamel junction of the first molars and central incisors = level 0  
— frontal view; B. The reference level for transversal slices — lateral view; C. Superimposition of models before (brown colour) and after 
treatment (green colour) — occlusal view; D, E. Transversal slice at 0 level; the hatching represents the measured area on the model before 
treatment (D) and after treatment (E). The black line connects midpoints of the buccal side of the occlusal area of the right and left first molars 
= the distal edge for measuring the area content of a given slice.
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Reliability of the method
Measurement error ranged from 0.650 to 0.798 
according to Dahlberg’s formula. The ICCs ranged 
from 0.998 to 1, implying almost perfect reliability. 
No systematic error was found with paired t-tests 
(p > 0.05). Intra-observer measurement variability 
ranged from 0.83 to 0.97 for the section area at 
levels 2 and 0, respectively.
Pre-treatment morphology
Mean values, standard deviations, ranges, and 
percentile distributions of the pre-treatment area of 
the alveolus section surface measured at levels 0, 2, 
and 4 are presented in Table 1. The areas were highly 
correlated with each other — correlation coefficients 
ranged from 0.797 (levels 0 and 4) to 0.942 (lev-
els 0 and 2), and to 0.945 (levels 2 and 4). Table 2 
demonstrates pre-treatment measurements in the 
whole sample and groups. The mean area of the alveo-
lus section before treatment was smallest at level 0 and 
largest at level 4. No differences were observed between 
extraction and non-extraction groups (p = 0.246, 0.902, 
and 0.498 for levels 0, 2, and 4, respectively).
Changes during treatment
Changes during treatment are presented in Table 2. 
The area of the section decreased in the whole sample 
at all levels (0, 2, and 4). However, only the change 
registered at level 2 was statistically significant 
(p = 0.046; Table 2). In the extraction group, changes 
occurring during treatment were statistically significant 
for levels 0 and 2 (p < 0.001 and p < 0.001, respec-
tively), while those observed at level 4 were statistically 
non-significant (p = 0.061). Comparison of changes 
in extraction and non-extraction groups showed that 
those registered at levels 0 and 2 were statistically 
highly significant (p < 0.001), while changes measured 
at level 4 were statistically non-significant (p = 0.18).
Relationship between pre-treatment morphology 
and the number of changes during treatment
Regression models (Table 3) with treatment al-
ternatives (extraction vs. non-extraction) and pre-
Table 1. Area of the section of the alveolar process measured pre-treatment in the whole sample (n = 75)
Level Mean SD Minimum Maximum Percentiles
 5 10 25 50 75 90 95
0 850.8 106.9 660.1 1223.8 682.6 714.2 773.0 840.7 918.3 1010.0 1023.4
2 931.3 98.1 737.3 1325.4 786.5 814.7 863.9 920.3 981.5 1047.4 1100.1
4 959.1 101.4 764.7 1368.5 817.0 833.8 881.1 953.5 1009.4 1067.1 1120.2
Table 2. Changes during treatment in the whole sample and extraction and non-extraction groups
  Whole sample(n = 75)
Extraction treatment 
(n = 36)
Non-extraction treatment 
(n = 39)
Differences between groups 
(p value and 95% CI’s)
Level 0 mm
Pretreatment (SD) 850.8 (106.9) 865.7 (95.7) 836.9 (115.7) 0.246 (–20.3 … 77.9)
Posttreatment (SD) 841 (107.7) 835.4 (105.4) 846.2 (110.8) 0.667 (–60.7 … 39.1)
Difference (SD) –9.8 (45.6) –30.4 (46.2) 9.3 (36.2) < 0.001 (–58.6 … –20.6)
P value; 95% CI 0.068 (–0.7 … 20.2) < 0.001 (14.7 … 46) 0.119 (–21 … 2.5)  
Level 2 mm
Pretreatment (SD) 931.3 (98.1) 932.7 (87.1) 929.9 (108.3) 0.902 (–42.6 … 48.3)
Posttreatment (SD) 922.8 (96.6) 909.5 (91.9) 935.1 (100.4) 0.255 (–70 … 18.8)
Difference (SD) –8.6 (36.1) –23.2 (37.5) 5 (29.2) < 0.001 (–43.6 … –12.8)
P value; 95% CI 0.046 (0.2 … 16.8) < 0.001 (10.6 … 35.9) 0.276 (–14.6 … 4.3)  
Level 4 mm
Pretreatment (SD) 959.1 (101.4) 950.7 (90.8) 966.7 (110.9) 0.498 (–62.9 … 30.9)
Posttreatment (SD) 952.3 (99.7) 938.3 (94.4) 965.1 (103.9) 0.248 (–72.6 … 19.1)
Difference (SD) –6.8 (34.6) –12.4 (38.3) –1.6 (30.3) 0.18 (–26.6 … 5.1)
P value; 95% CI 0.093 (–1.2 … 14.7) 0.061 (–0.6 … 25.3) 0.736 (–8.2 … 11.5)  
CI — confidence interval; SD — standard deviation
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treatment area of the alveolus (at levels 0, 2, and 4, 
respectively) as independent variables and the change 
in section surface of the alveolus during treatment 
(at levels 0, 2, and 4, respectively) as dependent 
variables showed that the pre-treatment area of the 
alveolus was a predictor of change during treatment 
only at level 2 (at level 4, the model was statistically 
non-significant). However, the effect of the pre-treat-
ment area of the alveolus on dependent variables 
was limited — standardised B coefficient was –2.04 
and R2 of the model was 0.2. Treatment alternatives 
affected changes in the section surface of the al-
veolus during treatment, measured at levels 0 and 2 
— non-extraction treatment was associated with 
larger increases of 37.9 mm2 (level 0) and 28 mm2 
(level 2) in comparison to extraction treatment. It 
should be noted that regression models explained 
approximately 20% of the variance in the sample.
dIscUssIon
One of the axioms in orthodontics holds that the 
bone follows the tooth during its movement through 
the alveolus. This is possible thanks to bone remod-
elling — a coupled process of bone resorption and 
apposition elicited by the mechanical force applied 
to the tooth by an orthodontic appliance [9, 22]. The 
ratio between remodelling of the alveolar process and 
tooth movement is claimed to be 1:1. If this ratio is 
preserved, the root of the tooth is always supported 
by the alveolar bone and no bone loss occurs during 
orthodontic treatment [4]. However, this ratio is not 
achieved every time in all types of tooth movement, 
or in all areas of the alveolar process. For example, 
studies on the effects of tooth movement across the 
alveolus demonstrate that when the tooth apices 
were displaced into cortical bone, through penetra-
tion, the roots’ surface became exposed. Reverse 
movement of the roots into the cancellous bone of 
the alveolus allowed for partial osteogenesis [19]. 
However, it was not sufficient to cover the root fully 
[20]. The lack of full regeneration of the cortical bone 
was observed even several years after treatment [5]. 
An unfavourable consequence of this phenomenon 
can be periodontal breakdown, particularly when 
inflammation of the periodontal tissues coincides.
Based on the results of this study, it is proposed 
that for patients in whom the surface area of the 
alveolus on pre-treatment digital models is measured 
at level 0 at less than 773 mm2, level 2 at less than 
863.9 mm2, and level 4 at less than 881.1 mm2, the 
tooth movement across the alveolar process (i.e. pro-
clination/retroclination of anterior teeth, expansion 
of posterior dental segment) should be planned with 
particular caution. In such patients, the area of the al-
veolus is significantly below average (it lies within the 
25th percentile) and one can reasonably assume that 
the possibility of bringing the root into the cortical 
bone, or even worse — penetrating it, is increased in 
comparison to patients with a thick alveolar process. 
On the other hand, for patients in whom the surface 
area of the alveolar process at level 0 measures more 
than 918.3 mm2, at level 2 more than 981.5 mm2, 
and at level 4 is more than 1009.4 mm2, the teeth can 
have less constraint from the cortical bone, hence, 
less caution may be required during planning and 
execution of orthodontic treatment.
Extraction of teeth is frequently associated with 
palatal movement of the remainder [2, 17]. The results 
of this study confirm that extractions of maxillary first 
premolars followed by orthodontic space closure cause 
a decrease in the section surface area of the alveolus. 
The mean percentage reduction of the pre-treatment 
area was < 5%. Nevertheless, caution is warranted 
in patients with a thin (as described above) alveolar 
Table 3. Regression models with the change of the area during treatment (measured at levels 0, 2, and 4) as dependent variable and area before treatment 
(measured at levels 0, 2, and 4) and treatment alternative (extraction vs. non-extraction) as independent variables
Level Independent  
variables
Unstanda- 
ridsed B
SE Standardised B p value 95% CI lower 
bound
95% CI upper 
bound
p of the 
model
R2 of the 
model
0
Area pre–treatment –0.06 0.05 –1.31 0.193 –0.15 0.03
< 0.001 0.21
(1) vs. (2) 37.91 9.58 3.96 < 0.001 18.81 57.01
2
Area pre–treatment –0.08 0.04 –2.04 0.045 –0.16 0.00
< 0.001 0.2
(1) vs. (2) 28.00 7.57 3.70 < 0.001 12.91 43.09
4
Area pre–treatment –0.08 0.04 –2.05 0.044 –0.16 0.00
0.053 0.08
(1) vs. (2) 12.02 7.80 1.54 0.13 –3.52 27.57
CI — confidence interval; SE — standard error; (1) — extraction group; (2) — non-extraction group
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process. In these patients, palatal movement of the 
remaining teeth could result in dangerous approxima-
tion of the root surfaces and the cortical bone with 
ensuing formation of bone dehiscence/fenestration [8].
The findings demonstrate that in a sample of or-
thodontic patients with typical malocclusion (Angle 
Class II Division 1 and Angle Class II Division 2 treated 
with and without the extraction of maxillary first 
premolars) the treatment alternatives of extraction 
vs. non-extraction are better predictors of changes 
in the surface section area of the alveolar process 
than its pre-treatment area. In other words, when 
a clinician plans a patient’s treatment, he/she needs 
to carefully consider the possible consequences of 
extraction and non-extraction treatment alternatives 
for the alveolus, especially for patients with a thin 
alveolar morphotype.
While radiography represents a “gold standard” 
for the evaluation of changes in the alveolar region 
during orthodontic therapy, it is associated with expo-
sure to potentially harmful ionising radiation. In the 
present study, the authors attempt to create a non-
invasive and simple method for monitoring changes 
in the alveolar bone during orthodontic therapy. To 
our knowledge, there are no current studies focusing 
on the measurement of the entire alveolar process 
horizontally using a 3D scanner.
Limitations of the study
In this study, extraction and non-extraction groups 
comprise subjects with Angle Class II Division 1 and 
Angle Class II Division 2 malocclusion. Pre-treatment 
inclination of maxillary central incisors — proclined 
in Division 1 and retroclined in Division 2 malocclu-
sion — could have affected measurement of the 
pre-treatment area of section surface area of the 
alveolus. In order to prevent this, the ratio of patients 
was balanced with Angle Class II Division 1 and Angle 
Class II Division 2 malocclusion in the extraction and 
non-extraction groups.
Only the post-adolescent subjects in this inves-
tigation were evaluated. Therefore, the results can 
be generalised only for subjects at a similar devel-
opmental stage.
The assessed changes of the alveolar process were 
based on the scans of its external surface. Thus, any 
measurement of the section surface area of the al-
veolus is a combination of the measurement through 
soft tissues and the underlying alveolar bone.
conclUsIons
Within the limitations of the study the following 
conclusions can be drawn: (a) Digital model analysis 
of the dental arch should be used in planning ortho-
dontic treatment; (b) Patients for whom the surface 
area of the alveolar process is measured on pre-treat-
ment digital models at < 773 mm2, < 863.9 mm2, 
and < 881.1 mm2 at levels 0, 2, and 4, respectively, 
should be described as having a “thin” alveolus; 
(c) Extraction treatment, which is associated with 
a decrease in the alveolus area, should be exercised 
with caution in subjects with a thin alveolus.
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